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Equations and the results of calculations of the diffuse-radiation view factors 
are given for a system of three cylinders. 

Here 

The problem is solved in connection with the development of a method for calculating 
the cooling of steel rolls after rolling. 

i. The geometry of the system is shown in Fig. i. The medium is diathermic. Using 
contour integration [i], we obtain an equation for the view factor (VF) from an elementary 
area dS M on the surface Sp: 
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The angles ~i and ~2 depend on q). It is readily determined (Fig. 2) that 

~ = arccos ..... ; 
Ioo~f Ico.~l 

Fig. i. System of three contacting cylinders. 
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Fig. 2. Diagrams illustrating the determination 
of the angles ~i and ~2- a) ~2 ~ 5~/6; b) ~2 < 
5 ~ / 6 .  

TABLE i. Values of ~dM-P as a Function of d/R and E/R (Fig, i) 

1/17 
d/R 

10 100 

0,0 
0,02 
0,05 
0,10 
0,15 
0,20 
0,30 
0,40 
0,70 
1,0 

0,01 1 0,02 

O, 154 0,206 
0,35--1 0,62--1 
O, 18--1 ] 0,34--1 
0,96--2 / O, 18--1 
0,60--2 0,11--1 
0,40--2 i 0,77--2 
0,21--2 0,40--2 
O, 12--2 0,23--2 
0,29--3 0,57--3 
0,97--4 O, 19--3 

0,05 

0,290 
0,118 
0,70--I 
0,40--1 
0,25--1 
0,17--1 
0,92--2 
0,53--2 
0,13--2 
0,45--3 

o,lo I o,15 o,3o J 1 

0,361 0,400 0,456 0,496 
O, 173 0,206 0,254 0,290 
O,110 0,135 0,!75 0,206 
0,65--1 ] 0,83--1 0,111 0,136 
0,43--1 10,55--1 0,77--1 0,97--1 
0,30--1 ]0,39--1 0,56--1 0,72--1 
0,16--110,21--1 0,31--1 0,42--1 
0,94--2t0,13--1 0,19--I 0,26--I 
0,24--2 0,33--2 0,53--2 0,82--2 

0,32--2 0,84--3 O, 12--2 O, 19--2 

0,500 
O, 294 
0,209 
O, 139 
0,99- 
0,74- 
0,44- 
0,28- 
0,91- 
0,38- 

0,500 
0,294 
0,209 
O, 139 
0,99--1 
0,74--1 
0,44--1 
0,28--1 
0,91--2 
O, 38--2 

[ (oo~, Mo~) ] .~ 
a rccos  }- arccos - - ,  q~/> 5~/6 (Pig. 2a); Io%1 IMO2i IMO2I 

r [ (O%,B%) ] (3) 
arccos 10021 IBO~I ' ~ < 5a/6  (Fig. 2b). 

The  p r o j e c t i o n s  o f  t h e  v e c t o r s  i n  E q s .  ( 2 )  a n d  ( 3 )  o n t o  t h e  x a n d  y a x e s  a r e  e a s i l y  d e -  
t e r m i n e d  from geometrical considerations, and we shall not discuss this problem. Table 1 
gives the values of ~dM_p(d, ~) calculated according to Eqs. (1)-(3). 

2. It is obvious that the equation 

,~_.(to, d, 0 = (1,/7o).t' %,_ . (z  + ~, 7)dz, 
0 

in which ~dM-P is calculated according to Eqs. (i)-(3), determines the VF between the sur- 
faces S M and Sp (see Fig. I). 

3. Suppose that the cylinder III is eliminated. We set k = I/T, ~i = 7/2, and ~2 = 
in Eq. (i); we calculate ~2 according to the first equation (3). We obtain the VF 

~dM_p(d, ~) between an elementary ring and a cylinder of length ~ (Fig. 3a). 

The equation 

~2 
qo,~_p ~) ~- (2/~) j' [fP~,M--P (0, ~ Z) + q~dM--P (0, Z)] dz (4)  

0 

obviously determines the VF between two contacting cylinders of length ~ (Fig. 3b). 

A comparison of the calculations according to Eq. (4) with the results of [2] indicates 
good agreement between them (Table 2). 
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Fig. 3. Diagrams illustrating the determination of the view 
factors in a system of two contacting cylinders, a) VF ~dM-P 
between an elementary ring and a cylinder of length ~; b) 
VF ~ M-P between two cylinders. 

TABLE 2. Comparison of the Results of Calculations of ~_p 
According to Eq. (4) with the Results of [2] 

t/R (4)Calc" per gq. Resulm[2] of l/R [ (4)Calc" perEq. [] Re.sul~[~] of 

0,5 
I 
5 

0,1418 
0,1584 
0,1765 

0.0 II 0 I 079 I0.3 
0,1603 50 0,1811 0, 1834 
O, 1773 

NOTATION 

R, tube radius; s s lengths of sections S M and Sp; d, distance between same sections; 
[0 = s [ = s d = d/R; ~dM-P, ~dM-P, view factor from element dS M to section Sp; 

~M-P, ~ M-P, the same from section Sp. 

2. 
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